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ELECTRONIC FUNDAMENTALS, LESSON 5 


Theory Lesson 5 


INTRODUCTION 

In the last lesson, we learned that when 
a difference in electric pressure exists be¬ 
tween two points, and a conducting path 
connects them, an electric current will flow. 
$e learned, too, that the flow of electrons is 
from the point of negative charge to the point 
of positive charge. Of course, if the flow is 
between two charged bodies, the current flow 
will stop as soon as the charge between the 
charged bodies becomes equal. When a con¬ 
ducting path connects the negative and posi¬ 
tive terminals of a battery, however, the 
current flow is not momentary, but continues 
as long as the conducting path remains 
connected, or until the battery wears out or 
becomes discharged. Because this current 
always flows in the same direction, we call 
it direct current. There are other kinds of 
current, which will be discussed in another 
lesson. 


5-1. BASIC ELECTRICAL UNITS 

Just as we need units like ounces and 
pounds, inches and feet, and pints and 
quarts to measure many things we use daily, 
so do the electrician, the serviceman, and the 
engineer need units to measure electricity. 
Certain standard units have been adopted 
and are in use all over the world. No matter 
what country you visit, for instance, volt 
stands for the same amount of electrical 
pressure and ampere for the same rate of 
flow. Some of the more important units we 
must know something about are the coulomb, 
the ampere , the volt , the oAra, and the watt . 

The coulomb is a unit of charge. Just 
as we measure gasoline by the gallon, 
we measure electrons by the coulomb. An 
electron is so very, very small an electrical 
charge that a tremendous number of electrons 


must flow in circuits to light lamps, operate 
radios, and run motors. The coulomb repre- 
sems _ 6,240,000,000,OOOjOO^QOO ele^ tgg; 
that’s ST^T~^rntTillM electrons. Remember , nA\/\ A 
that the coulomb is a unit of quantity. W 


T he ampere is the unit that represents 
jjl£Igl e _QLil Q wo f electric current . An ampere 
of current is flowing when one coulomb of 
?Ig£t acity passes any point in^an ele ctric 
circuit in one second ! For instance, if 6.24 
quintillion electrons flow through an electric 
lamp in one second, the rate of flow is one 
ampere. To understand the difference be¬ 
tween coulombs and amperes, we might 
compare them to liquid measures. If you pour 
a gallon of water into a pail, you have a 
quantity of water. You don’t care how fast 
the water goes into the pail. But if you are 
watering the lawn with a hose attached to a 
water tap, and someone asks you how much 
water you are using, you start figuring how 
many gallons per minute are coming out of 
the hose. The coulomb, like the gallon, is a 
measure of quantity. The ampere, like the 
gallons-per-minute, is a measure of rate of 
flow. (See Fig. 5-1.) 


Th ^ volt, is a measure of electrical p r&§- 
_ g ure - It is the amount, of pressure necessary 
to_forg£_^g n e ampere throu gh__ a circ uit that 

f l eS ^ Sta ^£ 5 " °n e °h m -^F rom now on^ 
we IT~speair~oF e lectri ca l pr essure as emf, 
potential diff erenc e, or'UoJtage '. —' 

The ohm is the unit of electr i cal reslat - 
*ance. Resistance opposes the flow of elec¬ 
tric current. The^ ohm is the amount of 
resistance o ffered by a circuit when one 
a mpere flows and the pres sure "across the 
circuit ter mi nal sis equaI~?rP niTp~T7r>|t. ~The 
symFoTfor the ohm is the Greek letter 
(omega). If there were such a thing as a 
perfect conductor, we would have a circuit 
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a charged body with 
/ coulomb of electrons 
(a) 



s,24 quintillion electrons 
flowing per second = 

/ coulomb per second - 
/ ampere 

(b) 

Fig. 5-1 

without resistance. However, the perfect 
conductor does not exist, since even the 
best conducting materials offer some op¬ 
position (resistance) to the flow of current. 
There are three circuit properties or charac¬ 
teristics about which we are going to study 
c^uite a lot. They are: resistance, inductance, 
and capacitance . When we understand what 
happens when these properties are present in 
an electric circuit, we are well on the way 
to an understanding of radio principles. 


The _watt is t he unit of measure of elec- 
i£icaLpo^TTA^tlTer "word, energy, so^ne- 
times is mistakenly use d instead of power. 
Let us see how t hey fdifferv, Energy is thte^ 
ability to do work ^ Power is the rate of using 
energy, or energy per unit of time . You might 
have an electric motor, with ample electrical 
energy to run it, but if you don’t turn the 
switch no work is done and no power is con¬ 
sumed. The electrical unit of power, the 


watt, is defined as t he rate at which energy 
IsT usedwhen an emF~of dn e^volf^caB^j ::: one^ 
ampere to flow through a circuit. 


5-2. VOLTAIC CELL 


As you learned in the last lesson, we may 
obtain electricity in several ways. We may 
produce electricity by means of friction, by 
chemical action, by electromagnetic machines, 
by heating unlike metals that have been 
joined together, and in less common ways. 
This lesson is about the chemical methods 
of producing electricity. 

Back in 1798, an Italian scientist, 
Alessandro Volta, discovered that, by plac¬ 
ing a strip of zinc and a strip of copper in a 
jar containing dilute acetic acid (vinegar), 
as shown in Fig. 5-2, he could produce 
electricity. He found that a difference of 
electrical pressure existed between the zinc 
and the copper. He didn’t know how much the 
pressure was because at that time there 



Fig. 5-2 


were no electrical units with which to meas¬ 
ure electricity. Later on, other men discover¬ 
ed the difference to be about 1.1 volts. As 
you might guess, the unit of electrical pres- 
is named after Volta. 

One very important fact discovered by 
Volta was that electricity could be produced 
only between two unlike substances (usually 
metals). If, for instance, two copper or two 
zinc rods were placed in the fluid in the jar, 
no voltage was produced. 
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5-3. ELECTROMOTIVE SERIES OF METALS 

Following Volta’s experiments, other 
scientists learned that the amount of voltage 
pro uced by a cell made up of any two sub¬ 
stances could be accurately predicted. Table 
A shows a table of some common substances 
and the electrical pressure that exists be¬ 
tween them when they are placed in an alka- 
line, acid, or salt solution. 


If you look at Table A, you will see that 
each substance is followed by a number 
that represents the difference in electrical 
pressure that exists between it and hydrogen 
In electricity, radio, or chemistry, we say 
that hydrogen is used in this table as a 
reference point (a position from which things 
are counted). So, for this table, hydrogen is 
zero. Lead, tin, iron, etc. are negative with 
respect to hydrogen. Bismuth, copper, mer¬ 
cury, etc. are positive with respect to hydro¬ 
gen. Any one of the substances shown in 
this table could have been used as the 
reference with all the differences in electrical 
pressure being counted from it, but hydrogen 
was chosen because it was convenient. 


TABLE A - ELECTROMOTIVE SERIES 
OF METALS 


Element 


Normal Potential in Volts 
Using Hydrogen as Reference 


Potassium 

-2.92 

Sodium 

-2.71 

Magnesium 

-1.55 

Zinc 

-0.76 

Iron 

-0.44 

Tin 

-0.13 

Lead 

-0.12 

Hydrogen 

0.00 

Bismuth 

+0.20 

Copper 

+0.34 

Mercury 

+0.80 

Silver 

+0.80 


-9 -.8 -.7 -6 
-I-L, I I 


-0.76 

zinc 

I 


-5 ~4 -3 ~2 7/ 0 +/ 

- 1 -1- L I I 

— hydrogen 
-/*/ volts - 



+2 t3 +.4 +5 +6 +7 +8 

' ' i 

*0.34 +o.8 

copper silver 

i 

— 


Fig. 5-3 

We may use this table to find the potential 
1 erence that exists between any two sub¬ 
stances from which we might form a cell. For 
example, we find that zinc is -0.76 and cop- 
per is +0.34. Fig. 5-3 shows a scale giving 
the electrical pressure that exists between 
zinc and copper. You will notice that the 
scale goes both ways from the zero reference 
point of hydrogen. The scale marks to the 
right of zero are shown as plus (positive) 
values while those to the left are shown as 
minus (negative) values. Zinc is 0.76 volts in 
a negative direction from hydrogen and copper 
is 0.34 volts in a positive direction from 
hydrogen. However, if we start counting from 
zinc to the right until we come to copper, we 
will find that copper is 1.1 volts in a positive 
direction from zinc. What we do is to add 
0.76 and +0.34 without worrying aboutminus 
and plus signs and we get 1.1. This tells us 
the difference in voltage (electrical pressure) 
that exists between zinc and copper. Be¬ 
cause copper is in a positive direction from 
zinc, it is the positive electrode of the cell, 

and zinc is the negative electrode of the 
cell. 


However, if we make a cell with zinc and 
magnesium as the two electrodes, we can 
see in Fig. 5-4 that zinc is 0.76 volts in a 
minus direction from hydrogen and magnesium 
is 1.55 volts in a minus direction from 
y rogen; the difference in pressure that 
exists between magnesium and zinc is the 


7 -'? -■? ■* ~r ■* ~-5 -4 -3 -.2 -/ 


It-J L 


- 1.55 

magnesium 


7 


-I—l—I L 


-0.76 

zinc 


hydrogen 


■ o. 79 volts - 


Fig. 5-4 
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hydrogen +0.34 +0.80 

copper silver 

■ j 

Fig. 5-5 


difference between -1.55 and -0.76. By sub¬ 
tracting 0.76 from 1.55, we find that this 
difference is 0.79 volts. Because magnesium 
is in a negative direction from zinc, it is the 
negative electrode. Because zinc is in a 
positive direction with respect to magnesium, 
it is the positive electrode of a cell made 
from these two substances. So now we have a 
case where two substances, both of which 
are negative with respect to hydrogen, may 
be used to form a cell. The one that is the 
less negative becomes the positive electrode. 
In the same way, a cell might be made from 
copper and silver. As the scale in Fig. 5-5 
shows, silver is 0.46 volts more positive than 
copper. A cell formed with copper as a nega¬ 
tive electrode and silver as a positive 
electrode produces an emf of 0.46 volts. 

From the electromotive series table, you 
can see that the emf produced by chemical 
action between two metals or other sub¬ 
stances placed in an acid, alkaline, or salt 
solution of proper strength is determined by 
the metals used. The size of the cell, the 
amount of the metals, and the spacing of the 
metals does not affect the emf produced by 
chemical action. 

5-4. CHEMICAL ACTION OF A CELL 

You are probably interested in knowing 
how and why a cell produces electricity. The 
complete story is difficult to tell and, with¬ 
out a knowledge of chemistry, difficult to 
understand. In fact, even the people who 
make batteries cannot answer some of the 
questions we might ask about the chemical 
and electrical action in a cell. However, it 
is not necessary or particularly desirable 
that we, as servicemen, know more than 
a few basic facts about cells and batteries. 
For that reason, the following paragraphs do 
not attempt to go into the chemistry of a cell. 



Figure 5-6 shows a copper rod and a zinc 
rod in a jar containing sulphuric acid and 
water. The mixture of acid and water is 
called the electrolyte; without it there would 
be no cell action and no emf produced. The 
chemical action of the electrolyte upon the 
two metals produces a positive charge upon 
the copper rod and a negative charge upon 
the zinc rod. 

When .a small lamp is connected by wires 
to the upper ends of the copper and zinc rods, 
the electrical circuit is complete, because 
the wire, the lamp, the zinc, the electrolyte, 
and the copper all conduct electricity. The 
electrons of the negatively charged zinc rod 
are repelled by the other electrons on the 
zinc ancLattracted by the positive charge on 
the copper rod. Therefore, they move toward 
the copper through the connecting wires and* 
the lamp — thus producing an electric current 
in the load circuit (outside the cell). This 
action continues until the circuit is broken 
by removing the lamp from the ends of the 
copper and zinc rods or until the zinc is 
eaten away by chemical action. 


5-5. PRIMARY CELLS 

Cells may be divided into two main 
classes: primary cells and secondary cells. 
By the term primary cell, we mean a unit 
that is consumed as it is used, while a 
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Cell Capacity. The capacity of a cell is 
a measure of its ability to deliver electrical 
energy to a load. This means that when we 
speak of the capacity of a cell, we refer to 
the cell’s ability to supply a certain amount 
of current, at a useful voltage, for some 
period of time. Each cell that is made today 
is designed for a certain load. 

The ability of a cell to supply any de¬ 
sired amount of current is determined by the 
amount of surface area of each electrode that 
is exposed to the electrolyte and to the 
kinds and quantities of the materials that 
make up the depolarizing mix. 

In the case of the carbon and zinc cell, 
the capacity of the cell is affected by the 
number of square inches of zinc and the 
number of square inches of carbon touched 
by the electrolyte. Therefore, none of the 
outside area of the zinc helps supply electri¬ 
city, because it is not exposed to the electro¬ 
lyte. Only that part of the inner surface of 
the zinc that actually touches the electrolyte 
can affect the capacity. In the same way, 
only the surface of the carbon electrode that 
is in actual contact with the electrolyte can 
affect the cell’s capacity. The capacity of 
modern cells has been increased by mixing 
carbon in the depolarizing mix. This exposes 
a much larger area of carbon to the electro¬ 
lyte. 

There is no exact way of measuring the 
capacity of a cell. In other words, we cannot 
set an exact figure for the amount of electri¬ 
city that may be obtained from a particular 
cell. There are many factors that determine 
how fast, and for how long a time, a cell can 
supply electrical power. Much depends upon 
the kind of service for which the cell is 
designed, and the kind of load that is con¬ 
nected to it. In general, under normal condi¬ 
tions, we can draw more current from a large 
cell than from a small cell. (There are ex¬ 
ceptions to this rule.) Figure 5-10 shows the 
relative sizes of three types of cells. Also, 
some cells are made for continuous duty, 
while other cells are made to be used for 
short periods at a time. For that reason, we 
must know the kind of service for which the 
cell was designed. 



Fig. 5-10 


If we attempt to draw electricity from the 
cell at a rate greater or for a period longer 
than it was designed to deliver, the depolar¬ 
izing agent cannot get rid of the hydrogen 
bubbles on the positive electrode as fast as 
they are formed. When this happens, the out¬ 
put voltage of the cell drops, and it does not 
rise again until the cell has "rested”. You 
may have used a flashlight continuously at 
some time or other until the light grew very 
dim. Later on, you picked up the flashlight 
and found it working again. All that happened 
was that the cells were given time to de¬ 
polarize. 

On the other hand, if we draw electricity 
from a cell at a rate much slower than it 
was designed for, we may get less service 
out of the cell than it was designed to give. 
This is due to losses caused by the chemical 
actions that take place when a cell stands 
idle. For example, the shelf life (the period 
during which the cell can deliver from 80-95% 
of full capacity) of all but the very small 
dry cells (such as the pen-light size) is 
about two years. If we were to draw electri¬ 
city from such a cell at so slow a rate that 
it was still in service after two years, some 
of the capacity of the cell would be lost in 
the chemical actions that naturally occur 
when a battery or cell stands idle. 
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two cells connected 
series opposing 

(a) 





the single cell. The resulting electrical 
pressure is the pressure of one cell exerted 
in the direction of the two cells. 

If you have a 2-cell flashlight, try re¬ 
versing one of the cells so that the negative 
terminal of one is connected to the negative 
terminal of the other. You will find that the 
flashlight will not light, because the voltage 
of one cell is cancelled by the voltage of the 
other cell in the opposite direction. So you 
can see that it is very important to connect 


switch 



cells in the proper way in order to get the 
voltage of one cell to add to the voltage of 
the next cell. 

Carbon-zinc dry cells are connected 
together in series to form batteries of various 
voltages; many of these batteries are made 
specially for radio. However, one of the most 
common uses of dry cells connected in series 
is in 2-, 3-, or 5-cell flashlights. The 2-cell 
flashlight needs three volts to give maximum 
light; when we put cells in the flashlight 
case, we place them so that the positive 
electrode of one cell presses against one 
terminal of the flashlight bulb and the posi¬ 
tive electrode of the second cell presses 
against the negative electrode of the first 
cell. This is shown in Fig. 5-13. The nega¬ 
tive electrode of the second cell makes 
contact through the pressure spring, the 
metal case, and the switch to the other 
terminal of the bulb. 

Cells Parallel Connected. When cells are 
connected in series to increase the voltage, 
there is no increase in the amount of current 
that may be drawn from the series over the 
amount of current that may be drawn from 
each individual cell. This means that if 
the cells are rated to deliver a quarter of an 
ampere continuously, this rate is not in¬ 
creased by connecting them in series. We 
can still draw only a quarter of an ampere 
safely. To increase the current-producing 
capacity, it is necessary to connect cells in 
parallel, as shown in Fig. 5-14a. For ex¬ 
ample, if one cell safely delivers a quarter 
of an ampere continuously, two cells in 
parallel will deliver half an ampere, and 
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current 



(b) cells connected in series parallel to 
increase current and voltage 


all the cells must be connected in series. If 
each cell is designed to deliver 0.1 ampere 

our 90-volt B-battery will deliver 90 volts 
at 0.1 ampere. 


i - wc nave a 

lot of 1.5-volt cells, each designed to deliver 

0.1 ampere, and we need a 1.5-volt battery to 
deliver one ampere. The cells we have can 
supply the proper voltage, but not the proper 
current. So it will be necessary to connect 
cells together (1 ampere divided by 0.1 
ampere . The cells must be connected in 
parallel so that the battery will deliver 1.5 
volts at one ampere. 

Here’s just one more. Suppose that we 
want to make a 6-volt battery to deliver 0.5 
ampere using the same cells. First we di¬ 
vide the voltage we need (6 volts) by the 
voltage of the cells we have (1.5 volts) and 
get 4. These 4 cells make a 6-volt battery 
capable of delivering 0.1 ampere. But we 
need 0.5 ampere. So we divide 0.5 ampere by 
0.1 ampere and get 5. By connecting 5 cells 
together in parallel, we get a battery that 
will supply 1.5 volts and 0.5 ampere. To 
produce our battery then, we will need 5 
strings of 4 cells, series connected, all tied 
together in parallel as shown in Fig. 5-15. 


Fig. 5-14 


SO on. If we need to increase the voltage a 
the current at the same time, we must cc 
nect the cells together in series-parallel (t 
increase current-producing capacity) a 
shown in Figure 5-146. F y ' 

Let’s try a few examples so we can st 
how to figure the number of cells needed i 
make a battery to supply a particular neec 
bor example, suppose a 90-volt B-batter 
is needed for a portable radio and all w 
Have is a supply of 1.5-volt cells. How man 
cells are needed and how must they be cor 
nected? To find the answer, we must fin 
out how many times 1.5 volts goes into 9i 
volts. So we divide 90 by 1. 5 . We find tha 
the answer is 60. So, 60 1.5-volt cells wil 
needed, and, because the voltage of one 
cell must add to the voltage of the next cell 


5-7. OHM’S LAW 


covered the relationship between voltage 
current, and resistance. This relationship’ 
ca e Ohm s Law, is the most important 
principle in all electricity. 


In any electrical circuit, the current in 
amperes is equal to the emf in volts divided 
y the resistance in ohms. When applying 
Ohm s Law to our work, we use the following 
abbreviations: 6 


E = Volts 

/ = Amperes 

R - Resistance in ohms 

Ways to Write Ohm’s Law. Thus, Ohm’s 
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Fig. 5-15 

Law may be written: Current equals the 
voltage divided by the resistance, or 


When we know the current and the re¬ 
sistance, and want to know the voltage, 
Ohm’s Law may be stated: Voltage equals 
the current times the resistance, or 

E - (I x R) = IR 

When we know the current and voltage 
and want to know the resistance, Ohm’s Law 
becomes: Resistance equals the voltage 
divided by the current, or 



You can use the same little circle trick 
you used to solve wavelength and frequency 
problems to solve Ohm’s Law problems. The 
circle to set up looks like the one in Fig. 
5-16. You cover the term you want to find, 
and what remains is the answer. For example, 
to find E, you cover E in the circle and IR 
remains. Then you know that E = IR . Like¬ 
wise, if you cover /, you can see that 



Fig. 5-16 


I 


E 

R 


and when you cover R, you see that 



I 


Application of Ohm's Law. Now that 
Ohm’s Law has been stated, let us see how 
we can use it. Figure 5-17 a shows a simple 
electrical circuit: a resistor connected 
across the terminals erf a battery. The re¬ 
sistor has a resistance of 30 ohms and the 
battery has a voltage of 60 volts. To cal¬ 
culate how much current is flowing, we use 
the formula: 



1-2 amperes 

Suppose that we know the current to be 12 
amperes and the resistance to be 10 ohms, as 
shown in b of the figure. We may find the 
voltage by: 

E = / x R 
E - 12 x 10 
E = 120 volts 


If the current is 15 amperes and the vol- 
tage is 105 volts, as in c of the figure, we 
find the resistance as follows: 



I 


r 

15 


R 


7 ohms 
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<d> 


2W5* 


R--F 


(c) 

Fig. 5-17 

5-8. INTERNAL RESISTANCE 

Earlier in this lesson, it was said that 
resistance is the property of a circuit that 
opposes the flow of current in the circuit; 
that is, resistance tends to stop current from 
flowing. Even silver and copper, two of the 
very best conductors of electricity, offer 
some resistance to the flow of electricity. As 
we know, resistance is measured in ohms. 
According to Ohm's Law, the resistance can 



be found by dividing the voltage by the a- 
mount of current flowing in the circuit. A 
circuit part that is designed to offer resis¬ 
tance to electricity is called a resistor. 

A cell or a battery has a property called 
internal resistance. This internal resistance 
is due to certain qualities of the cell or 
battery. The internal resistance of a dry cell, 
for instance, is due to the resistance of the 
electrolyte, polarization, and local action. 
In general the electrodes have practically no 
resistance, and the electrolyte, if it is fresh 
and of the proper strength, has very little 
resistance. However, the action of the elec¬ 
trolyte upon the electrodes is the major 
cause of internal resistance. 

One example of the action causing in¬ 
ternal resistance is polarization. When a load 
is connected across the terminals of the 
battery and current flows, hydrogen bubbles 
form on the positive electrode and slow down 
the chemical action of the battery. When the 
chemical action is slowed down, the battery 
cannot deliver as much voltage to the load. 
This is because some of the emf produced by 
chemical action is lost inside the battery. 
In other words, the internal resistance of the 
battery has been increased, and a greater 
portion of the emf is dropped across it. 

Another cause of internal resistance is 
local action , caused by impurities in the 
substances used in making the battery. For 
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example, if the zinc used in the zinc elec¬ 
trode is not pure — that is, if there are other 
substances mixed with it — the zinc and its 
impurities will cause local action. For in¬ 
stance, suppose another metal, such as 
copper, is mixed with the zinc. The copper 
and the zinc are unlike metals. Both are ex¬ 
posed to an electrolyte. As a result, they 
act as a very small electrical cell. Con¬ 
nected to each other, the electrodes of this 
cell are short-circuited, and the chemical 
action is continuous. The area where local 
action takes place does not contribute to the 
capacity of the cell. In other words, the 
internal resistance of the battery has been 
increased. A battery may be considered as if 
the emf and the internal resistance (/?j) were 
separate and in series as shown in Fig. 5-18 a. 
A meter is connected across the terminals of 
a 6-volt battery. The meter reads 6 volts. 
This voltage is the open-circuit voltage of 
the battery; that is, the meter is measuring 
the voltage of the battery when no load is 
connected across it and, therefore, no cur¬ 
rent is being drawn. In Fig. 5-186, a 9-ohm 
resistor is connected across the battery. 
This is to provide a load so that current can 
flow. When we measure the voltage across 
the battery terminals with the load connect¬ 
ed across them, as shown in Fig. 5-18c, we 
are measuring the closed-circuit voltage , or 
terminal voltage. The terminal-voltage read¬ 
ing is 5-4 volts. This is 0.6 volt lower than 
the open-circuit voltage. The voltage has 
dropped 0.6 volt due to the internal resist¬ 
ance of the battery. 

These measurements show us that ter¬ 
minal voltage is equal to the open circuit 
voltage less the voltage that is lost inside 
the cell due to internal resistance. The 
terminal voltage is the usable voltage of the 
.cell. Naturally, it is best to keep internal re¬ 
sistance down so that terminal voltage will 
be as high as possible. 

We can find the internal resistance of a 
cell for any particular load of a cell or bat¬ 
tery. We must know what the load is so that 
we may know how much current is being 
taken from the cell or battery. As we know, 
when the load is very great and more current 
is drawn than the cell or battery is designed 


to deliver, polarization will occur faster 
and increase internal resistance. 

The internal resistance may be found 
fairly accurately by subtracting the closed- 
circuit voltage from the open-circuit voltage 
and dividing the difference by the current 
flowing. Let’s see why this is so. The open- 
circuit voltage is the emf developed by the 
battery. The closed-circuit voltage is the vol¬ 
tage at the terminal when a load, such as a 
9-ohm resistor, is connected. The difference 
between these, of course, is the voltage 
drop inside the cell due to internal resistance. 
Ohm’s Law tells us that the resistance of a 
resistor or of a part of a circuit may be found 
by dividing the voltage across the resistor 
or across that part of the circuit by the cur¬ 
rent flowing through the circuit. So, to find 
the internal resistance of a cell, we must 
also know how much current is flowing in 
the circuit when the load is connected. Then 
the internal resistance is found by dividing 
the voltage lost in the battery by the current 
flowing in the circuit. 

For example, when we connected the 
meter to the 6-volt battery without a load, 
we measured the open-circuit voltage, which 
was 6-volts. When we read the meter after 
connecting the load, we found the closed-cir¬ 
cuit voltage, which was 5.4 volts. The 
current in the circuit can be found by using 
Ohm’s Law. The voltage across the resistor 
was 5.4 volts and the resistance of the re¬ 
sistor was 9 ohms. Therefore, the current 
flowing through the resistor and battery 
circuit is equal to 5.4 divided by 9. The 
answer is 0.6 ampere. The internal resistance 
equals the open-circuit voltage minus the 
closed-circuit voltage, divided by the current. 
This equals 6 minus 5.4 over 0.6. This 
equals 0.6 over 0.6, which equals 1 ohm. 
The internal resistance of the battery with a 
9-ohm load resistor is equal to 1 ohm. 

We can set up the problem we have just 
discussed in the following form. 

Internal resistance (/?j) 

open circuit voltage — closed circuit voltage 

JK - — . . ___ 

current 
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Current (I) 


- 7 °ltage across 9 -ohm resistor (E) 
9 (R) 


5.4 

9 

= 0.6 amp. 

Internal Resistance (RA = —~ : 

1 0.6 

0.6 

0.6 


materials. In order to conserve space and 
to make smaller batteries do the work of 
larger ones, one manufacturer developed the 
the Layerbilt battery. Fig. 5-20a shows 
a cut-away view of a Layerbilt cell. It is 
a carbon-zinc cell like those we have been 
studying. However, instead of being cylin¬ 
drical, each cell is square and flat, as 
shown in Fig. 5-2 Ob. To form batteries, they 
are piled one on top of the other as shown in 
Fig. 5-20c. Two such stacks of 15 cells 
each are used to produce the familiar 45-volt 
B-battery used in so many portable battery- 
operated radios and shown in Fig. 5-2 Od. 


In fresh cells made by leading battery 
manufacturers, the internal resistance of a 
cell is very, very small, provided the cell is 
not overloaded or otherwise abused. 


5-9. LAYERBILT BATTERIES 

The cells we have been studying about 
up until now have all been cylindrical in 
shape. When batteries are made from such 
cells, a lot of space is wasted, as you can 
see for yourself in Fig. 5-19. Actually, be¬ 
tween the space used inside each cell and 
the space wasted between cells, only about 
fifty percent of the space occupied by such 
a battery contains useful electricity-making 



Fig. 5-19 


5-10. GRID-BIAS CELLS 

Once in a while, in radio and television 
circuits, it is necessary to have a source of 
voltage just to act as a difference in poten¬ 
tial. In such cases, no current is drawn. It is 
necessary that the cells that provide this 
voltage have long life with constant voltage 
have freedom from local action, and be small 
in size. Two types of cells of the same size 
and shape as the one shown in Fig. 5-21 have 
been used by radio manufacturers for many 
years. They are called grid-bias cells or 
sometimes, acorn cells. One type has an 
outer container, shaped like an acorn and 
made of cadmium, that acts as the negative 
electrode. The electrolyte is an acid paste. 
The positive electrode is made of vanadium 
pentoxide, which is insulated from the cad¬ 
mium container by an insulating grommet. The 
voltage developed by this cell is 1.04 volts. 
The other type of grid-bias cell is made in 
the same way, except that the container and 
negative electrode are made of zinc instead of 
cadmium. The voltage developed by this 
type of cell is 1.2 volts. 

Grid-bias cells, used properly, maintain 
constant voltage for periods of from 5 to 10 
years. Because they were not designed to 
provide current, care must be used to see 
that they are not accidentally shorted. Even 
testing one with a meter is not advisable; 
this tends to load the cell, and any readings 
obtained are likely to be inaccurate. However 
these cells have the ability to return to 
approximately normal voltage after a momen- 
















Grid-Bias Cells 


15 



PRODUCTIVE 

SPACE 


ZINC 

SEPARATOR 


EXPANSION 

CHAMBER 


NON 

PRODUCTIVE 

SPACE 


CARBON 

ELECTRODE 


SEAL 


(a) 




3 The elastic seal is shrunk around the entire assembly, 
protecting the cell against loss of moisture and prevent¬ 
ing creepage of solution from one cell to the next. 


(b) 



<d) 


(c) 


Fig. 5-20 



tary short, which might easily occur while 
trouble shooting. 

When more voltage is required than one 
cell can provide, cells may be connected in 
series to provide higher voltages. Special 
clip holders for these cells (shown in Fig. 
5-22) are manufactured. Clip holders de¬ 
signed for two or more cells provide the 
connection between the cells. 


5-11. MERCURY-OXIDE CELLS 


Fig. 5-21 


Another type of cell, developed in recent 
years, is coming into common use. It is the 
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mercury-oxide cell, shown in Fig. 5-23* Mer¬ 
cury-oxide cells, while costing more than the 
carbon-zinc cells have many advantages. 
First, they are considerably lighter and small¬ 
er than the standard cells (when cells of e- 
qual capacity are compared). In addition, they 
operate over a wide temperature range, the 
rated voltage of 1.34 volts remains constant 
during most of the cell’s life, and they do not 
require periods of "rest”. The type shown in 
Fig. 5-23« uses a button of compressed, amal¬ 
gamated zinc powder attached to the nickel- 
steel top as the negative electrode. The elec¬ 
trolyte is a solution of potassium-hydroxide 
saturated with a zincate. The positive elec¬ 
trode, which connects with the nickel-steel 
outer case, is made of mercuric oxide and 
graphite. An insulating grommet separates 
the negative steel top from the positive steel 
case. The type shown in Fig. 5-23 b uses 
the same materials, except that the negative 
electrode is made from a zinc foil. Thin 
sheets of zinc foil are corrugated (wrinkled) 
and wound around and around, as shown in 
Fig. 5-23 c, with a strip of absorbent material 
that has been soaked in the electrolyte. In 
this way, a very great area of the zinc comes 
into contact with the electrolyte. This adds 
considerably to the capacity of the cell. 

Mercury-oxide cells are used by the Armed 
Forces for " walkie-talkie’* radios, for 
guided missies, and in other places where 
weight and size are important. In civilian 
production, at leasjt one manufacturer uses 
them to power wrist-watches, and they are 
widely used by hearing-aid manufacturers. 


5-12. AIR-CELL 


This cell, while classed as a primary 
cell, cannot be called a dry cell. Even though 





(b) 


absorbent material 



Fig. 5-23 
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Fig. 5-24 


it is shipped dry and kept dry until sold and 
put in use, the electrolyte, in a working cell, 
is decidedly wet. As shown in Fig. 5-24, 
the negative electrode is zinc. The electro¬ 
lyte is a caustic alkaline solution of sodium 
hydroxide, and the positive electrode is 
porous carbon. (This means that the carbon 
has a lot of little holes in it.) This cell is 
put into service by adding ordinary drinking 
water to the level indicated by the manufac¬ 
turer. It requires a well-ventilated room, be¬ 
cause it draws oxygen from the air for de¬ 
polarizing instead of using a depolarizing 
agent. 

This cell is designed to give long life 
where the current drain is not more than 0.65 
amperes. The voltage output is about 1.25 
volts a cell. They are widely used for tele¬ 
phone switchboards, railway signals, and in 
radio stations. 


5-13. TEMPERATURE 

One condition that affects the output and 
the life of cells and batteries is temperature. 
Most batteries and cells are designed to 
operate at greatest efficiency at normal room 
temperature (70 °F). At temperatures of 100 °F 
and above, cells may deliver slightly higher 
voltages, but they wear out much faster. At 
very low temperatures, from 0°F and below, 
the chemical action slows up greatly and 
cells do not deliver the power that they do 
at normal temperatures. One of the advan¬ 
tages of the mercury-oxide cell is that it can’ 
operate efficiently at higher and lower tem¬ 
peratures than the standard carbon-zinc cell. 

5-14. STORING CELLS 

Cells are best stored in a cool place, 
because this tends to slow up any chemical 
action that occurs while the cell is not in 
use. In a shop where batteries are 
kept for sale to customers, cells should be 
kept on one of the lower shelves (if there are 
several) because, as heat rises, the upper 
shelves are likely to be warmer. When a 
fresh supply of cells is received, be sure 
that the cells already in stock are placed in 
front of the shelf so that they may be sold 
before the fresh stock is put on sale. In 
ordering cells and batteries, do not order 
large quantities of unusual types of cells 
and batteries. Keep a low stock of those that 
sell slowly. Remember, very small cells, 
such as the pen-light size, have a short 
shelf life. 


♦ 















